This paper presents the methodology of determining and analysis results of the limit production capacity of coal in the roof exploitation zone of the open pit Gacko-Central Field in a function of configuration and parameters of the combined system. The coal exploitation system at the open pit Gacko-Central Field mine is a system of exploitation characterized by the complex conditions under which it operates, with the use of continuous, combined and discontinuous coal and waste exploitation systems. It is also characterized by the existence of two spatially dislocated sites, in which the exploitation is carried out under significantly different conditions. A complex solution for coal exploitation is the result of optimization a large number of mutually determined technological processes and systems, both in terms of the possibility of applying a certain complex of mechanization, as well as in terms of individual capacities at the site of excavation. As a criterion for success the exploitation system, a unit cost of exploitation was adopted including the capital and operational costs of a variable part of combined system.
Intensive coal exploitation in the Gacko Coal Basin began with opening the Open Pit Gračanica in the western part of the basin in 1977, in order to open the open pit in 1982. In mid 1983, the Thermal Power Plant Gacko has started its operation with the installed power of 300 kW. From then onwards, the coal exploitation is developed with the almost exclusive intention of providing the corresponding amount of fuel for the thermal power plant, that is, in a function of electricity generation.
In the previous exploitation period, the coal production is developed in different parts of the deposit, in various structural, geomechanical, hydrogeological, qualitative and other working conditions, as well as various legislative, social, infrastructural, market and economic conditions. All of this has resulted in the necessary adjustment of the exploitation system in order to ensure the required capacity and quality of coal, and the elements and parameters of the system were most often conditioned by numerous limiting factors [1] .
Also, numerous project solutions have been formed on the basis of previous research results that have not been of sufficient reliability. The lack of knowledge about the characteristics of the working environment resulted in the fact that the applied exploitation systems worked with lower efficiency than the designed ones. Within the factors that particularly influence the efficiency of production, the geomechanical characteristics of detection (occurence of layers with extremely high excavation resistance above the guaranteed excavation force of the rotary excavators) and the structural characteristics of a coal seam (stratification of a coal seam with a frequent change of coal and waste interbeds) can be distinguished.
This should include the added variability of parameters of the working environment and structural and qualitative characteristics of coal. In order to fulfill the basic goal of exploitation, i.e. to provide the corresponding quantity of coal of the given quality, it was necessary to adapt to concrete conditions in the field. Initially conceived as an open pit with a continuous exploitation system, the open pit Gračanica, formed in the west part of the deposit, has undergone a series of transformations by introduction a discontinuous equipment. Discontinuous equipment was introduced first of all on coal within the combined system (hydraulic bucker excavator -trucks -crusherbelt conveyors -landfill) and then on overburdem within the discontinuous system. With the completion of works in the western part of the deposit, the extension of the open pit Gračanica was also done in a part of the Field C, that is, in the central part of deposit.
This relocation of works was accompanied by the introduction of a combined system on overburden with retention also on a combined system on coal, continuous systems on overburden as well as a discontinuous system, primarily designed for exploitation the interbed and layered tailings. Problems related to the implementation of production plans, mainly related to the inability to provide the designed structures of the basic and auxiliary mechanization, led to a need of providing a part of coal from the roof coal series which is characterized by a lower quality of coal, distinct stratification and favorable relationship between waste/coal. The coal exploitation from the roof coal series is spatially dislocated in relation to the rest part of the open pit ( Figure 1) .
Also, the beginning of work realization, according to the Main Mining Design of the open pit Central Field for capacity of 2.3x10 6 t/year of the run-of-mine coal, has started the coal exploitation on a new open pit. This project has continued the exploitation of main and footwall coal seams in the area of the Central field of the Gacko deposit, but also the coal exploitation is planned in a part of the roof coal series [2] . In addition to being spatially dislocated, the site in the roof coal series is characterized by the specific exploitation conditions (structural and qualitative coal characteristics) and resources that, besides the natural limits of expansion the coal seams, are limited by the administrative boundary of concession. All these factors represent limitations in determining the production capacity of coal from the roof coal series. On the other hand, the production capacity is an important factor for defining the most favorable system of exploitation and techno-economic parameters of the applied system.
Figure 1 Location of the open pit site Gacko-Central field  -site of the roof coal series,  -site of the Central exploitation zone
Currently, the coal exploitation in the roof coal series is carried out by selective excavation of coal and waste with hydraulicbucket excavators. Transport of waste is discontinuous to the external landfill, and transport of coal is combined, discontinuous to the crusher, positioned in the northern part of the central exploitation zone. Position of the crusher is conditioned by the available belt conveyors and position for coal transport in the northern part of the central exploitation zone.
The existing design solution has taken into account the analysis results of application the combined system in the existing form and conditions of increasing the length of continuous transport to the site in the roof exploitation zone. In order to select a more favorable combined system in terms of length of continuous and discounted transport, the number of belt conveyors, number of trucks in discontinuous transport, the existing system configuration was analyzed as well as the combined system with extension of continuous transport in a length of about 1400 m with two additional belt conveyors [3] . A new position of the existing coal crusher is determined on the edge of the roof coal series at the shortest distance from the center of works for the next five-year period. The conveyor lines are such that they do not interfere with development the front of works or have a stationary character. The adopted belt conveyors have a width of 1200 mm and speed of 4.5 m/s meet the needs in terms of capacity, grainsize distribution of crushed In calculation the capital and operating costs, they are not deducted to the present value, since their relative absolute value is not important for comparison the variants, but the relative value.
Considering that the open pit has already has the certain elements of the system (crusher, part of the conveyor belt and excavation -loading equipment), and that these elements are common to the considered variants, the techno-economic parameters of the combined system are compared only in the areas in which they differ. The Talpac computer program was used to calculate the system of excavator -truck. On the basis of the input parameters, the time capacities of trucks for the Variant 1 and Variant 2 are calculated.
CALCULATION THE TRANSPORT PARAMETERS WITHIN THE COMBINED SYSTEM OF THE ROOF COAL ZONE
The Talpak software package is a simulation model of loading and transport process at the open pits. Software enables the optimization of transport fleet, calculation the technical-economic parameters of the equipment operation, such as a cycle length, capacity, etc. [4] . In this particular case, this program was used to determine the parameters for coal transport from the roof zone in the Variant 1, when there is only a truck transport and, in Variant 2, when there is a truck transport just inside the open pit. Figure presents the calculation results for the Variant 1. Figure 4 presents the calculation results for the Variant 2. Calculation of the transport parameters for belt conveyors was done using the appropriate software solution according to the method prescribed by the technical standards [5] . In Figures 5 and 6 , the output form of the program is shown, and a part of the output listing for the T1 and T2 belt conveyors is given. Based on the results obtained in calculation for truck transport and transport by belt conveyors, the unit normative costs for the Variant 1 and Variant 2 have been determined and shown in Table 2 . In Table 3, the unit costs for transport by belt conveyors are given. Table 4 gives the annual labor costs for the variant solutions. Labor costs are taken as the total operating costs. In addi-tion to the operational costs, the capital costs are calculated per year, and for the variant solutions are shown in Table 5 . Based on the previously calculated values in Table 6 , the capacities of a variable part of combined systems are shown and calculated for the unit costs of the standardized material and energy are calculated for them. 
DISCUSSION
Capacity of the exploitation system is the basic techno-economic parameter, which, in addition to defining the type, number and individual capacities within the individual technological processes that make it, is also a key factor in the system efficiency [6] . The principle of system optimization in terms of capacities in the surface exploitation is based on comparison of several variants, and the techno-economic indicators have the abrupt passes in a function of capacity, type of application the basic equipment, transport lengths, automation possibility, etc. [7, 8] . In the concrete case, based on the calculated parameters of a variable part of the combined systems, a diagram of change in total costs (capital and operational) was defined, depending on the production capacity of coal, and as such shown in Figure 7 .
Figure 7 Diagram of the total cost changes in a function of production capacity
The illustrated diagram shows that the introduction of new conveyors and extension the continual part of transport is a more favorable solution in the production of over 2 000 000 t. This is applied only to a specific case involving a specific type of unloading loading and transport equipment, pre-defined routes and transport conditions, and specific working environment parameters.
The obtained result is in a domain of a number of applicability analyses of combined system, which were carried out in our country and in the world. Factors that can be further analyzed, and which can significantly influence the analysis result are: the possibility of system automation, application of modern materials and more energy efficient equipment, application of mobile crushers and optimization the transport routes in terms of their elements (length, inclination, radii of curves, etc.).
Within the Strategy of mining and technology opening, development, optimization and maintenance the continuity of coal production with introduction the process of coal enrichment by dry separation at the open pit Gacko, several cases of coal production from roof coal series were considered, with a maximum capacity of 3 000 000 tons per year. In the current development stage of the open pit, the production capacity of the roof coal series is around 1 000 000 t per year. This is due to the optimization of available resources, which are, inter alia, limited by the artificial boundary of the concession. The carried out also analysis took into account the specific natural conditions of the working environment and artificial limitations, which in this case are both administrative and economic. In order to optimize the exploitation system at the open pit Gacko Central Field, it is necessary to consider the other elements that are not a part of this analysis, but which influence the overall efficiency of the open pit (production in the Central Exploitation Zone, pro gress the front of continuous work systems, transport length to the landfill site, seam and interbed waste, etc.).
CONCLUSION
The limit of use a discontinuous, that is, a combined system is in a function of a number of factors, among which the system capacity is the most significant. Depending on the specific exploitation conditions, available or designed basic equipment, level of labor engagement, available resources and other factors, a change in the total production costs by a particular exploitation system is not unified in terms of capacity. In addition to the costs that have a relative character, that is, directly dependent on capacity, there are also costs that have a relatively fixed character and which belong to a group of capital expenditures. In particular, these relatively fixed costs relate to the procurement of necessary equipment for achieving the target capacity. The cost comparison methodology, used in the two capacity exploitation systems, can be applied to the other similar facilities, given the increasing standardization of coal production capacities for the needs of thermal power plants.
The obtained result is within the values stated in many other analyzes of the use of discontinuous-combined systems in the world. These analyzes are usually done for the needs of the equipment manufacturer and the need to dimension the elements of exploitation system (basic equipment) and only in a small part analyze the impact of work environment characteristics as they are performed for a specific object and unique conditions. The presented analysis was carried out precisely on this principle, but the variation in influence of natural factors would certainly contribute to a more precise determination the efficiency limit of a particular discontinuouscombined system.
